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Abstract – The objective of this work was to select surviving breeders of Litopenaeus vannamei  from white spot 
syndrome virus (WSSV) outbreak, adapted to local climatic conditions and negatively diagnosed for WSSV and 
infectious hypodermal and hematopoietic necrosis virus (IHHNV), and to evaluate if this strategy is a viable alternative 
for production in Santa Catarina, Brazil. A total of 800 males and 800 females were phenotypically selected in a farm 
pond. Nested-PCR analyses of 487 sexually mature females and 231 sexually mature males showed that 63% of the 
females and 55% of the males were infected with IHHNV. Animals free of IHHNV were tested for WSSV, and those 
considered double negative were used for breeding. The post-larvae produced were stocked in nine nursery tanks for 
analysis. From the 45 samples, with 50 post-larvae each, only two were positive for IHHNV and none for WSSV. 
Batches of larvae diagnosed free of virus by nested-PCR were sent to six farms. A comparative analysis was carried 
out in growth ponds, between local post-larvae and post-larvae from Northeast Brazil. Crabs (Chasmagnathus 
granulata), blue crabs (Callinectes sapidus), and sea hares (Aplysia brasiliana), which are possible vectors of these 
viruses, were also evaluated. The mean survival was 55% for local post-larvae against 23.4% for post-larvae from 
the Northeast. Sea hares showed prevalence of 50% and crabs of 67% of WSSV. 
Index terms: Litopenaeus vannamei, breeding, epidemiology, nested-PCR.
Seleção de reprodutores de camarão livres da síndrome da mancha‑branca  
e da necrose infecciosa hipodermal e hematopoiética
Resumo – O objetivo deste trabalho foi selecionar reprodutores de Litopenaeus vannamei sobreviventes de 
um surto do vírus da síndrome da mancha-branca (WSSV), adaptados às condições locais e diagnosticados 
negativamente para WSSV e para o vírus da necrose infecciosa hipodermal e hematopoiética (IHHNV), e avaliar 
se esta extratégia é uma alternativa viável para produção em Santa Catarina. Foram selecionados fenotipicamente 
800 machos e 800 fêmeas, de um viveiro. Análises de nested-PCR de 487 fêmeas e de 231 machos, sexualmente 
maduros, mostraram que 63% das fêmeas e 55% dos machos estavam infectados com IHHNV. Os animais livres 
de IHHNV foram testados para WSSV, e os considerados duplo negativos destinados à reprodução. As pós-larvas 
produzidas foram estocadas em nove berçários, para análise. Das 45 amostras, com 50 pós-larvas cada, apenas 
duas foram positivas para IHHNV e nenhuma para WSSV. Os lotes de pós-larvas diagnosticadas livres de 
vírus por nested-PCR foram encaminhados para seis fazendas. Foi realizada análise comparativa em viveiros 
de engorda, entre pós-larvas locais e pós-larvas do Nordeste do Brasil. Também foram analisados caranguejos 
(Chasmagnathus granulata), siris (Callinectes sapidus) e lebres do mar (Aplysia brasiliana), que são possíveis 
vetores dos vírus. A média de sobrevivência foi de 55% para as pós-larvas locais e de 23,4% para as pós-larvas do 
Nordeste. As lebres do mar apresentaram prevalência de 50% e os caranguejos de 67% de WSSV. 
Termos para indexação: Litopenaeus vannamei, reprodução, epidemiologia, nested-PCR.
Introduction
Infectious diseases significantly affect marine 
shrimp culture throughout different life stages, 
causing mortality and reducing growth rates (Lightner, 
1999). In Brazil, the main pathogenic agents are: 
infectious hypodermal and hematopoietic necrosis 
virus (IHHNV), reported across the country (Moser 
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et al., 2005; Braz et al., 2009); infectious myonecrosis 
virus (IMNV), found in the Northeast region (Senapin 
et al., 2007); and white spot syndrome virus (WSSV), 
registered in the state of Santa Catarina, in the South 
region (Seiffert, 2005).
The rapid transmission of WSSV in culture systems 
may be caused by infected shrimp or infected water, by 
cannibalism of lethargic shrimp (Chang et al., 1996), 
or by other vectors, such as zooplancton, crustaceans, 
and microalgae, according to the Office International 
des Epizooties (2006). However, the main sources of 
infection in shrimp farms are brood stocks and infected 
post-larvae (Sánchez-Martínez et al., 2007).
The transmission of IHHNV is rapid and efficient 
due to cannibalism of lethargic animals, but significantly 
lower by cohabitation (Soto & Lotz, 2001). Vertical 
transmission is common from breeder to larvae (Office 
International des Epizooties, 2006), in which the 
infected female ovaries are the source of transmission; 
interestingly, sperm is generally virus-free (Motte 
et al., 2003). According to Motte et al. (2003), vertical 
transmission of IHHNV may be an important factor in 
increasing the prevalence of the virus from generation 
to generation in cultured shrimp. Breeders are one of 
the key factors in viral vertical transmission, which 
favors horizontal transmission in growth ponds. 
A possible explanation is that, since the majority of 
infected animals survive with no clinical symptoms, 
most of them are selected for breeding from apparently 
healthy shrimp. However, these offspring could be 
heavily infected by IHHNV and present a high risk of 
transmission to their descendents. In several countries, 
it has been shown that the use of sensitive shrimp, 
selected with no pathogen resistance criteria, to develop 
new brood stocks, endangers the sustainability of the 
shrimp industry (Briggs et al., 2004).
The selection and production of larvae based on 
resistance and sanitary criteria has been effective in 
culture systems (Chamorro & Mialhe, 2004). The first 
level of resistant shrimp selection consists in selecting 
the survivors of natural infections in culture growth 
ponds. Specific pathogen resistant (SPR) strains of 
Litopenaeus vannamei (Boone, 1931) have high 
genetic diversity and are from specific pathogen‑free 
(SPF) and non SPF sources. These strains have been 
successfully selected based on the survival rate after 
epidemic outbreaks in growth ponds for up to five years, 
in Colombia, Ecuador, Panama, and Northeast Brazil, 
and show higher resistance than those exclusively from 
SPF sources (Briggs et al., 2004; Cock et al., 2009).
The introduction of SPF strains from other countries 
is risky, since they may be hosts to unknown viral 
pathogens. In spite of being SPF, these strains may 
still be positive for the pathogen depending on the 
sensitivity of the diagnosis method (Do et al., 2006; 
Montgomery-Brock et al., 2007) or on the stressful 
conditions to which animals are exposed (Vieira et al., 
2007).
Several approaches, such as eliminating the source of 
infection, cutting off the pathways for the transmission 
of infection, controlling water quality, and enhancing 
disease resistance in shrimps, are used to control 
WSSV; however, in endemic areas, these measures are 
not enough to face the challenge of this virus (Huang 
et al., 2011).
The objective of this work was to select surviving 
breeders of L. vannamei from white spot syndrome 
virus (WSSV) outbreak, adapted to local climatic 
conditions and negatively diagnosed for WSSV and 
infectious hypodermal and hematopoietic necrosis 
virus (IHHNV), and to evaluate if this strategy is a 
viable alternative for production in Santa Catarina, 
Brazil. 
Materials and Methods
The experiment was carried out with local post-larvae 
and post-larvae from Northeast Brazil. The local stock 
was obtained from six shrimp farms. Farms 1, 2, 4, 5, 
and 6, are located at the Laguna estuarine system in the 
state of Santa Catarina, South Brazil (between 28o18' 
and 28o55'S, 48o67' and 48o88'W), and are exposed to 
the same climatic conditions. Farm 3 is the only one 
located outside the Laguna estuarine system, in the city 
of São Francisco do Sul (26°12'31"S, 48°44'23"W), 
characterized by a more stable climatic condition.
Initially, 30 shrimp, were randomly sampled: 
28 females and 2 males, from the commercial shrimp 
farm at the Laguna estuarine system, harvested during 
the shrimp reproduction stage. These animals were 
survivors of the last WSSV outbreak in 2006/2007. 
According to World Organization for Animal Health 
(Office International des Epizooties, 2006), the number 
of shrimp collected is acceptable for standard sampling 
of shrimp grown in ponds to estimate virus prevalence 
with a 95% confidence limit.
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Before tissue sampling, shrimp were measured, 
gendered, and their health status was evaluated by 
external observation. The hepatopancreas and a pair 
of pleopods were removed from each shrimp, fixed 
in 90% ethanol, and analyzed by nested-PCR for 
determination of WSSV, IHHNV, and intracellular 
bacteria of necrotizing hepatopancreatitis (NHP), and 
by RT-nested-PCR for IMNV. According to Lo et al. 
(1997), pleopods are considered an efficient tissue 
sample for diagnosis.
After epidemiological assessment of future brood 
stock, 800 males and 800 females were phenotypically 
selected from the same pond to detect clinical signs 
of any pathology, and to establish an equivalent 
proportion between genders among weighed shrimps. 
The shrimps were transferred to the Estaleirinho shrimp 
hatchery in Camboriú, Santa Catarina (27o2'53"S, 
48o35'15''W), in standard transport aquaculture boxes 
made from fiberglass, with oxygen supply. The boxes 
were acclimated, and the shrimp kept and separated by 
gender in different tanks. Water temperature in tanks 
was maintained at 28±1°C, with daily replacement of 
200% of fresh water and with air supply, as described 
in rearing management manuals (Food and Agriculture 
Organization of the United Nations, 2003).
Females were subjected to the ablation process ten 
days after arrival at the hatchery. After ablation and 
the first spawning, 487 females were eye tagged with 
a numbered ring. Males were selected by their weight 
and spermatophore development, and 231 males were 
eye tagged with a different color of numbered ring.
All eye-tagged shrimps had one pair of pleopods 
removed and preserved in 90% ethanol for analysis by 
nested-PCR. The breeders were individually analyzed 
by nested-PCR for IHHNV, and the negatively 
diagnosed animals were analyzed for WSSV. Analysis 
for IMNV was performed for security, since this 
pathogen has not yet been reported in South Brazil. 
After this procedure, the sexually mature pathogen-free 
shrimp were distributed in couples in the breeding tanks 
and transferred to nauplii production. Positive animals 
for WSSV and IHHNV were immediately discarded.
The diagnosis procedure was done at the Concepto 
Azul Laboratory in Guayaquil, Ecuador, using the 
Concepto Azul Kit. In the case of larvae, DNA 
was extracted from body homogenates using lysis 
buffer (0.05 N of NaOH; 0.25% of SDS). This DNA 
extraction protocol had been previously validated for 
these types of tissues by PCR analysis with primers 
corresponding to penaeidin (Destoumieux et al., 
2000). In the case of juvenile or adult shrimps, DNA 
extraction was performed using the same protocol 
from tissue samples collected with a 1 mL tuberculin 
syringe and a 27G x 1/2 needle using a sodium citrate 
solution (10%, w v-1) as an anticoagulant. Two steps of 
nested-PCR were carried out following the Concepto 
Azul Kit instructions. DNA amplification was done 
according to a double tube method with preheating for 
3 min at 94oC and 35 cycles for 30 s at 94oC, 45 s at 
56oC, and 45 s at 72oC. Positive controls consisted of 
DNA extracted from purified virus suspensions. The 
second PCR analysis was carried out using the same 
protocol with 1 mL DNA obtained from previous 
amplification. Amplified fragments were observed 
after electrophoresis in 2% agarose gel.
When infected shrimp cohabit with healthy ones 
in the same tanks, the transmission of WSSV by 
cohabitation in L. vannamei is approximately 0.01%, 
while the transmission rate by ingestion is 46% (Soto & 
Lotz, 2001). Therefore, the risk of WSSV transmission 
by cohabitation among live animals is very small (Soto 
& Lotz, 2001).
The local hatchery, Estaleirinho, followed standard 
water quality parameters for commercial hatcheries, 
i.e., water temperature of 28oC and salinity of 34 ppt 
(Food and Agriculture Organization of the United 
Nations, 2003). Before being sent to the farms, larvae 
were analyzed by nested-PCR for determination of 
WSSV, IHHNV, Baculovirus penaei (BP) and NHP, 
and by RT nested-PCR for IMNV. A total of 4,214,000 
post-larvae stage 18 (PL-18), divided into seven 
nurseries, were used. Two hatchery tanks with PL-8 
were sampled, totalizing nine post-larvae tanks. Five 
samples, with 50 animals each, were collected from 
each tank, totalizing 45 samples, which were fixed in 
90% ethanol.
Nauplii 5 were imported from Northeast Brazil to be 
tested in local production conditions at the Estaleirinho 
hatchery. The nauplii were from the Aquatec hatchery, 
located at Canguaretama, Rio Grande do Norte 
State (6°17'55"S, 35°2'1"W), and were previously 
analyzed by Santa Catarina's official state organ of 
animal health control – Companhia Integrada de 
Desenvolvimento Agrícola de Santa Catarina – for 
the presence of viral pathogens. The methodology 
used followed the standard protocols described in the 
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manual of diagnostic tests for aquatic animals (Office 
International des Epizooties, 2006). After the analysis 
and negative diagnosis, the nauplii were subjected to 
the protocols of the Estaleirinho laboratory until they 
were sent to the shrimp farms.
In order to determine the presence of viral pathogens 
in the shrimp farms, dead and live shrimp were randomly 
collected in shrimp farms 1, 2, 3, and 4. Farm 1, under a 
monoculture system, was stocked with local larvae, and 
45 shrimps were collected in four different grow-out 
ponds. In farm 2, characterized as a polyculture system 
with Nile tilapia (Oreochromis niloticus), ten dead 
shrimp were found and collected from two grow-out 
ponds. Five ponds were stocked with local larvae and 
five with post‑larvae from the Northeast. In farm 3, 
25 local larvae were evaluated. In farm 4, ten dead 
shrimp from a pond with larvae brought from the 
Northeast were analyzed. Possible vectors, such as 
crabs [Chasmagnathus granulata (Dana, 1851)], blue 
crabs (Callinectes sapidus (Rathbun, 1896)), and sea 
hares [(Aplysia brasiliana (Rang, 1828)], were also 
captured when found on this farm.
In farms 3, 5, and 6, a comparative survival study 
was carried out between local larvae and Northeast 
larvae. Ponds in each farm were stocked on the same 
date and had the same stocking density. During this 
period, salinity was 10 to 25 ppt and surface water 
temperature, measured in the morning, was 23.0 to 
24.9oC.
In farm 3, two ponds were selected and stocked at a 
density of 15 shrimp per square meter. One pond was 
stocked with larvae from the Northeast and the other 
with pathogen-free larvae. In farm 5, 11 ponds were 
stocked at a density of ten shrimp per square meter, 
eight with Northeast larvae and three with local larvae. 
In farm 6, three ponds were selected and stocked at 
a density of five shrimp per square meter, one with 
Northeast larvae and the others with local larvae. The 
survival rate in the farms was analyzed by Student's t 
test, at 5% probability.
Results and Discussion
Of the 22 females selected, four were positive for 
IHHNV, which means 18% of prevalence. However, 
males did not show viral prevalence. The prevalence of 
IHHNV in 30 pre-brooders was 13%. No animal was 
infected by WSSV.
After the ablation process and the first spawning, 
307 (63%) out of 487 examined females were positive 
for IHHNV and negative for WSSV. From 231 males, 
127 (55%) were positive for IHHNV and negative for 
WSSV. Therefore, 180 (37%) females and 104 (45%) 
males free of IHHNV and WSSV were used.
IHHNV is not responsible for mass mortality in 
L. vannamei, which favors the dissemination of the 
virus throughout generations (Office International des 
Epizooties, 2006). In the present study, the prevalence of 
IHHNV in females was 18% before ablation and the first 
spawning, and 63% after hatchery management, which 
corroborates the observations of Hsu et al. (1999), 
Peng et al. (2001), and Motte et al. (2003). According 
to Peng et al. (2001), spawning can induce WSSV 
replication in Penaeus monodon. Motte et al. (2003) 
used nested-PCR to evaluate the prevalence of IHHNV 
in females of L. vannamei, before and after spawning. 
The authors found a 19 and 31% prevalence of IHHNV 
before and after the first spawning, respectively. Based 
on these results, spawning can cause viral replication. 
In another study, Hsu et al. (1999) observed that some 
females analyzed by nested-PCR were negatively 
diagnosed for WSSV, before spawning, and positively 
diagnosed after spawning.
By preventing the vertical transmission of IHHNV, 
it is possible to gradually increase shrimp production 
in ponds and to reach better health control for this 
pathogen in two or three generations, as verified by 
Motte et al. (2003).
No breeders were positively diagnosed for WSSV, 
even after ablation and the first spawning, which 
suggests that the survivors from outbreaks could have 
some viral resistance (Gitterle, 1999). A probable 
explanation is that the viral load of these animals is 
too small to be detectable by nested-PCR or that it is 
impossible to guarantee that all the shrimp ingested 
infected tissue in the growth pond. The experimental 
challenge of shrimps with WSSV could be done 
by oral or injection methods for a more uniform 
infection and a higher selection pressure (Gitterle 
et al., 2006).
Forty-three out of the 45 samples from nine nursery 
tanks were negative for WSSV, IHHNV, IMNV, BP 
and NHP, whereas two were positive for IHHNV on 
the second reaction of nested-PCR. This result can be 
considered a light infection (Sahtout et al., 2001) or a 
small positive result (Sritunyalucksana et al., 2010).
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Viral load in females at the time of the first analysis 
by nested-PCR was probably too low and, after some 
spawning, resulted in virus replication. According to 
Hsu et al. (1999) Peng et al. (2001) and Motte et al. 
(2003), successive spawns can induce viral reversion 
in shrimp females. However, the reduction of vertical 
transmission through brood stock certification by PCR 
is only significant in one generation. Monitoring tests 
should be performed on females with higher spawning 
numbers in order to detect the presence of viruses 
in these animals and to eliminate the infected brood 
stock. Further studies should be carried out to clarify 
the detailed mechanisms of viral reversion.
From the 45 shrimp analyzed in farm 1, 2.2% were 
infected with WSSV and IHHNV. In farms 2 and 3, 
the results were negative for both viruses. In farm 4, a 
prevalence of 10% was related for WSSV and IHHNV. 
Regarding possible vectors, sea hares and crabs showed 
50% and 67% of prevalence for WSSV, respectively 
(Table 1).
In the case of WSSV, virus eradication is unlikely, 
since the pathogen is already found in the natural 
environment of Santa Catarina (Marques, 2007). The 
virus has natural reservoirs in ponds, including crabs, 
copepods, microalgae, zooplankton, and the soil (Office 
International des Epizooties, 2006).
In a first‑time report, sea hares were positively 
diagnosed for WSSV, reinforcing the importance 
of vectors in viral cycles. Epidemiological analysis 
in live and dead shrimp confirms the hypothesis of 
contaminated environment, since no breeders and 
post-larvae were diagnosed positively for WSSV. 
These animals were probably contaminated in ponds 
by natural vectors.
All analyzed farms showed significant difference 
between the survival rate of local post-larvae and 
Northeast post-larvae (Table 2). In farm 3, the pond 
harvested with local larvae showed a 68% survival 
rate, and the pond stocked with Northeast post-larvae 
showed a 53% survival rate (p = 0.0278). In farm 5, 
the survival rate for local larvae and for Northeast 
post-larvae was 43 and 11%, respectively (p = 0.0001), 
while in farm 6, the survival rate for local larvae 
and for Northeast post-larvae was 54.1% and 5.6%, 
respectively (p = 0.0002).
The grow-out periods began during the summer 
(December to February) and continued throughout 
autumn (May to June); the surface water temperature 
varied from 23.1 to 35.5°C, and the daily change in 
surface water temperature was around 4.3°C. 
As observed in farms 3, 5, and 6, animals adapted 
to the local climate showed better survival, probably 
because they were better adapted to the changes in 
water temperature. This adaptation possibly delayed 
immunosuppression (Cock et al., 2009), reducing 
infection by WSSV. In farm 3, there was a significant 
difference between the survival rate of local and 
Northeast post-larvae, probably due to the farm location 
in a region that was not affected by WSSV and has a 
higher climatic stability; the highest change in surface 
water temperature in a day was 3.1°C. The greatest 
difference in survival between local larvae and larvae 
from the Northeast was observed in farm 6, since this 
farm is located in the Laguna estuarine system, the area 
with the highest WSSV impact and the largest daily 
variation in surface water temperature (5°C).
Regardless of their source and quality, post-larvae 
may be exposed to pathogens in endemic regions. 
Imported SPF strains, considered pathogen free, are 
automatically challenged when introduced in the culture 
environment by the amplitude of the local temperature 
and the local pathogens (Briggs, 2005). Larvae from 
Northeast Brazil are not inferior, but are adapted to a 
Table 1. Infected animals ratio (infected/examined animals), and prevalence rate (in parentheses) for white spot syndrome 
virus (WSSV) and infectious hypodermal and hematopoietic necrosis virus (IHHNV), in farms 1, 2, 3, and 4.
Farm Shrimp Crab Sea hare Blue crab
WSSV IHHNV WSSV IHHNV WSSV IHHNV WSSV IHHNV
1 45/1 (2.2) 45/1 (2.2) 0/0 0/0 0/0 0/0 0/0 0/0
2 10/0 10/0 0/0 0/0 0/0 0/0 0/0 0/0
3 25/0 25/0 0/0 0/0 0/0 0/0 0/0 0/0
4 10/1 (10) 10/1 (10) 3/0 3/0 6/3 (50) 6/0 3/2 (67) 3/0
Total 90/2 (2.2) 90/2 (2.2) 3/0 3/0 6/3 (50) 6/0 3/2 (67) 3/0
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different environment, which may explain their lower 
performance in ponds in South Brazil Region.
Preserving and improving local genetic stocks, 
adapted to local environmental conditions and exposed 
to natural selection pressures, is necessary to develop 
local resistant strains. Farmers must also improve 
and apply practices to exclude or minimize stressful 
conditions in shrimp ponds.
Conclusion
Preventing vertical transmission of infectious 
hypodermal and hematopoietic necrosis virus (IHHNV) 
and white spot syndrome virus (WSSV) by selecting 
surviving breeders of Litopenaeus vannamei from 
WSSV outbreak, adapted to local climatic conditions 
and negatively diagnosed for IHHNV and WSSV, 
increases shrimp production in ponds and controls 
these viruses, after two or three generations.
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